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DESIGN OP STEEL WORK FOR AN OFFICE BUILDING.
Art. 1. INTRODUCTION.
Statistics show that the fire losses, in the United States,
are steadily increasing with the development and population of
the country; and in view of this fact a new field has "been re-
cently opened in connection with building construction, namely
that of fireproofing.
The earliest "buildings of a fireproof nature in this country
were probably those used for public purooses, and for these ample
funds and large areas were allowed. They were usually of moderate
height, and built of solid stone and brick arch construction mak-
ing them fireproof. In this form of construction much valuable
room is wasted by being taken up by thick walls and floors. A
tall building of this nature would require very thick walls in
the lower floors, especially in the first story and basement.
This would not do in our large cities at the present time, where
the ground area is limited in the business district, and where
the floor space, especially in the first floor and in the base-
ment is so valuable. It is the amount of floor space and the
height above the ground level, uDon which the rent of offices is
based, the lower floors being more desirable than the upper ones.
It was therefore this fact that created a demand for some other
form of construction by which the area wasted in building the
thick walls and floors could be available for other purposes.
Some material which could resist fire was of course needed
and therefore steel was substituted for the stone and brick.
By actual tests of fire it was found that steel alone would not
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make a fireproof construction so a covering of terra cotta was
added. Many forms and processes of manufacture are used in the
making of this covering, but will not he discussed in this paper.
The design of the steel skeleton will he the subject since it is
that part of the construction that carries all the loads which
come upon the building.
Art. 2. GENERAL DATA.
The building for which the steel work is to be designed is
a five story and attic office building. The building is seventy-
seven feet and nine inches long by forty-seven feet wide, end
has a flat roof over most of it with the exception of a slight
slope on three sides as shown in Pig.l. Plate I gives a general
plan of the building.
In order to design the members used in the frame work it is
necessary to determine the load which comes upon the building.
These loads are divided into dead and live loads, or those that
are always on the building and those that are liable to come on
the building at any time. The dead load consists of the weights
of the members themselves, the floor construction, partitions,
masonry in the spandrels, trusses, roofing, glass and all sta-
tionary or permanent loads. The live loads are the moving loads
or those that are not on the building at all times and are
subject to change both in weight and location such as office
furniture, safes, wind, and people.
Art. 3. DETERMINATION OF ROOF LOADS.
In figuring the loads it is necessary to begin at the top
and work down since the loads of the roof and upper stories are

carried down, by the columns, to the footings. The dead load of
the roof will be figured first, and the method of doing this is
to find the weight per square foot of the truss, purlins, and
covering, and multiply it by the square feet of the roof area.
i he roof is supported by trusses, since the attic floor is to
have as little obstruction as possible, no columns being allowed
to pass through the center. Since the truss cannot be designed
until after the loads that come upon it are figured the exact
weight cannot be obtained, but one must be assumed from other
trusses of about the same span that has already been built. The
covering is to be asphalt or a composition roof. The weight
including trusses and purlins will be taken as forty pounds per
square foot of roof surface. In order to take care of loads
that might come upon the roof at any time, such as snow and wind,
a live load of forty pounds per square foot is assumed on the
roof joists, to provide for a maximum; and thirty and twenty-five
on the girders, or trusses, and columns respectively.
Art. 4. DETERMINATION OP FLOOR LOADS.
The floor loads, like the roof loads, are made of dead and
live loads. The dead load is figured by taking a section or bay,
between four columns and calculating the actual weight. The two
beams between the columns parallel to the length of the building
will be taken as girders and the floor beams will frame into
these as shown in Plates I, II, III and IV. The distance between
floor beams is five feet and six inches, two beams being placed
in the bay so that none will come at the center of the girder or
be less than six feet center to center. The floor is of a ten

inch end construction tile arch, a side and an end view "being
shown in Pig. 2 and 3. The weight per square foot of this floor
is determined as follows. The actual weight of the tile in the
arch is thirty-three pounds per square foot. The steel will he
assumed to consist of three nine-inch twenty-one pound I-beams
and one fifteen-inch forty-two pound I-beam making a total weight
of about seventeen hundred pounds* The area of the bay is two
hundred and sixty-four square feet and dividing the total weight
by this will give a weight of seven pounds per square foot for
the steel.
The deadening to be used as shown in Pig. 2 and 3 is one
inch of stone concrete and two inches of cinder concrete. Stone
concrete weighs about 150 pounds per cubic foot and cinder con-
crete about 75 pounds per cubic foot, making a total of about
twenty-four pounds per square foot* Seven eights of an inch
maple flooring is used and weighs about four pounds per square
foot. The plastering on the ceiling will be taken as weighing
about five pounds per square foot of surface.
In an office building of this type the partitions are usual-
ly left out until rented or so arranged that they may be moved
around and arranged by the occupants to suit their needs. This
makes an additional dead load on the floor, and in this case it
will be assumed to be seventeen pounds per square foot. This
makes a total of ninety pounds per square foot as the weight of
the floor.
The live loads on the floor are assumed and are taken large
enough to provide for the maximum that might be expected to come
on the floor any time. In most cities the building laws require

or specify a certain live load for each class of building. This
load varies in different cities and in almost every case is as-
sumed very much too large. The maximum load in the wholesale
warehouse of Marshall Field and Co. in Chicago was found to he
only 57 pounds per square foot on limited area. However, it is
necessary to provide more than this in order to he on the safe
side. The live loads per square foot on the floor beams of this
building will therefore be assumed as follows: For the attic
floor, fifty pounds, for the fifth to the second floor inclusive,
seventy pounds, and for the first floor one hundred and twenty-
five pounds.
The dead load on the girders, columns and footings will be
the same as figured for the floor beams since the girders carry
the floor-beams which in turn carry the floor. Also the columns
and footings carry the floor-beams and girders and therefore
carry the same dead load.
Art. 5. DETERMINATION OF THE COLUMN LOADS.
The live loads on the girders and columns are figured some-
what differently than those on the floor-beams. The girders
carry the floor-beams and since they are fewer in number and
farther apart they are not subjected to as much live load as are
the floor beams. Just what percentage they carry compared to the
floorbeams is hard to calculate. About eighty percent of the
live load on the floor beams appears to be a good portion and
one that has been used satisfactorly. Eighty percent will there-
fore be used for the design of the girders and this gives the
following weights per square foot for the different floors:-
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Porty pounds for tho attic floor, fifty pounds for the fifth to
the second floor inclusive, and one hundred pounds for the first
floor*
About fifty percent of the live load on the floor beams is
taken as the live load on the columns for the upper stories and
is reduced about five percent for each floor down. The reason for
this reduction is that the live loads on the upper floors are
carried down and it is not probable that any one column will be
loaded with a maximum live load at every floor. The live load
for the attic story columns will be assumed as twenty five pounds
per square foot, for the fifth story, thirty pounds, for the
fourth story, forty five pounds, for the third story thirty five
pounds, for the second story twenty five pounds, for the first
story twenty pounds and for the basement story columns fifteen
pounds per square foot.
Art. 6. DETERMINATION OP LOADS FOR FOOTINGS , SIDEWALKS AND STAIRS.
No live load will be figured for the footing, the dead load
only being figured and this is taken as the dead load of the
floors.
The dead load of the sidewalk per square foot is the actual
weight of the concrete and steel. The sidewalk is six inches
thick and one square foot of this thickness will weigh twenty-
five pounds. The steel will weigh approximately ten pounds per
square foot making a total weight of eighty-five pounds per square
foot. The live load will be taken as three hundred pounds per
square foot to provide for any possible load that may come upon
it.
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The live load on the stairs will be taken as one hundred
pounds per square foot and the dead load as about twenty-five
pounds per square foot. The dead load is the weight of the
stringers, risers and treads. The marble weighs about fifteen
pounds per square foot and the steel about ten pounds per square
foot making a total of twenty-five pounds.
Table I gives all these dead and live loads that come upon
the beams, girders, columns and footings for all the floors
including the roof. It also gives the live and dead loads for
the sidewalk and stairs. A good idea of the amount of load and
the distribution of the same can be readily seen by turning to
this table.
Art. 7. ELEVATOR LOADS.
The load of the elevator on the columns is found by doubling
the weight of the moving parts of the elevator, such as car-load
and counter weight, and adding fifty percent to the weight of
machinery and hangings to cover impact. The distribution of the
load is shown in Fig. 4. This method of figuring the loads is
used by the Otis Elevator Company for elevators with the driving
machinery on the roof.
Art. 8.. SPANDREL LOADS.
The weight or load on the spandrel girders will be the dead
load weight of the spandrel. This includes the weight of the
masonry, terra cotta, the glass and sash, and steel. One of the
spandrel sections will be figured in order to show the method of
proceedure. Refering to Pig. 10 a better idea of the fifth floor
spandrel section can be had. The cross section area of this
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spandrel Is eighteen square feet, being eleven feet in height and
approximately fifteen inches thick. This includes that part of
the terra cotta which projects beyond the front wall. There are
three windows in the spandrel the glass of which is 26 by 60
inches. Adding eight inches to the width and eleven to the
length gives a total brick-opening of about fifty square feet.
The cross section of the columns is assumed to be about six
square feet and are eleven feet long.
The weight of the masonry and terra cotta in the spandrel is
estimated as follows: terra cotta and brick backing 112 pounds
per cubic foot, glass and metal sash 5 pounds per square foot of
surface. There are 18 x 10.75= 198 cubic feet of brick and
terra cotta, and from this is subtracted 50 x 1.25 = 62.5 cubic
feet for windows. The amount to be added for the columns is
11 x 6 = 66 cubic feet. The total munber of cubic feet of brick
and terra cotta in the section is 198 + 66 - 62.5 = 202. The
weight of the terra cotta and brick is 202 x 112 = 22,650 pounds;
the weight of the glass and sash is 50 x 5 = 250 pounds, making
a total weight of 22,900 pounds.
Art. 9. DESIGN OF THE ROOF TRUSSES.
After the loads that come on the roof, floor beams, girders,
columns and footings are figured the next step is to design these
members. The same outline will be follo?;ed as was used in deter-
mining the unit loads. The roof will be designed first, then the
floor beams, girders, columns, spandrels, and finally the footings.
The stress diagram of ths roof truss "A" is shown in Fig. 5.
The member X - 9 of this truss will now be designed. Since the
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member is in compression the allowable unit stress will be some-
what reduced. It is based on the formula:
S = 16,000 - 70 X l/r
in which
1 = Length of the member in inches;
r = Least radius of gyration.
The least radius of gyration shall not be less than 1/125.
In this case "1 M is 11 x 12 = 132 inches and the least radius
of gyration is 132/125 = 1.06
Two angles 4 x 3 x 7/16 placed back to back will be tried.
The long legs will be placed together with a space of 3/8 inches
between them. The area of the two angles is 5.74 square inches
and the least radius of gyration is 1.26. The allowable unit
stress as figured from the formula is 16,000 - 70 x 132/126 =
8,660 pounds. The stress is 44,900 pounds and the required
area is 44,900/8,660 =5.17 square inches. As this is very near
the area of the two angles assumed, they will be used for this
member.
Member A - 9 is a tension member and has a stress of
31,700 pounds. The allowable stress is 16,000 pounds per
square inch. The required area is 31,700/16,000 = 2.0 square
inches. The gross area of a 4 x 4 x 3/8 angle is 2.86 square
inches and from this is subtracted the area of one unit hole.
The net area is 2.86 - (3/4 + l/8) x 3/8 = 2.53 square inches.
This is greater than the required area, and these angles will
therefore be used.
The other members of the trusses are designed in a similar
manner. The stresses in and the sizes of the members are given
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in Table II.
The design of the purlins is ns follows: the distance center
to center of trusses is 14 feet 9 inches, and the panel length
is 7 feet 6 inches, making an area of 14.75 x 7.5 = 110.6
square feet. From Table I the load is 80 pounds per square foot.
The total panel load is 110.6 x 80 = 8,850 pounds or 4.43 tons.
From the Carnegie handbook page 71 an 8 -inch , 18-pound I-beam
will carry a uniform load of 5.06 tons safely for a span of 15
feet, and since a 7- inch, 20 -pound I-beam will not carry the load
of 4.43 tons this will be used. The other roof joists are de-
signed in the same way. The sizes are given in Fig. 6.
Art. 10 DESIGN OF THE FLOOR BEAMS.
There are several methods of designing the floor beams.
These are by taking either the safe load on the beam, the max-
imum moment, or the section modulus method. This last method
will be used in the design of the floor beams, and those in the
bay between columns 5,6,7 and 8 for the fifth floor will be the
ones designed.
The formula used in the design of the floor beams is:
S = M/f
in which
M = The bending moment in inch-pounds;
S = Section modulus in inch units;
f = Allowable unit stress per square inch in extreme
fibres, usually taken at 16,000 pounds per square
inch.
But M = Wl/8 for a beam supported at both ends and uniformly
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loaded, "f being the total load in Dounds. Hence
S = Wl x 12/8f
= 3Wl/2f
Also, as W = dwl, the formula becomes:
S = 3dwl2 /Sf
in which
d ss Distance center to center of beams, in feet;
w = Load per square foot in pounds,
Refering to Table I it will be seen that w wH the load per
square foot in pounds for the fifth floor is 160, and the dis-
tance center to center of beams is 5.5 feet. Here 1 = 16 feet
and substituting, in the above formula
S = 3 x 5.5 x 160 x 256/ 2 x 16,000
= 21.15 •
From the Carnegie hand book, page 98, the section modulus
nearest this is 22.6 which is for a 9 -inch 30-pound I-beam.
Since this is nearest to the value 21.15 this beam will be used.
The floor beams for the other bays and the other floors are
designed in the same way, the only difference being in the load
M wM and distance center to center of beams. For the size of
beams see floor framing plans, Plates I to V,
Art. 11. DESIGN OF THE FLOOR GIRDERS.
The floor girders will be designed by the section modulus
method in a similar manner as the floor beams. The loading on
these girders is somewhat different from that of the floor beams,
in that the load from the floor beams is concentrated at two
points
The live load on the girders for the same bay, as taken
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above for the floor beams, is taken from Table I, and is 140
pounds per square foot. The concentrated load on the girder
at the third points is, see Fig. 7, 5.5 x 15.5 x 140 = 1195
pounds, say 12000pounds. The reaction is:
R 12000 X 11.0 - 12000 x 5.5/16.5
= 12000.
The moment at the center of the beam is 12000 x 8.25
- 12000 x 2.75 = 66000 pound feet, and the moment under one
load is 12000 x 5.5 = 66000 pound feet. The moment in pound
inches is 66000 x 12 = 792000. The section modulus "S" is
792000/16000 = 49.5. Page 98, Carnegie handbook, gives the
section modulus of a 15-inch 42-pound I-beam as 58.9, and since
this is the nearest to 49.5 this beam will be used. The
remaining girders are figured in a similar manner, and are
given on floor framing plans. Table I and the floor plans
will give the loading and lengths.
Art. 12. DESIGN OP COLUMNS.
There are several forms of steel columns used in building
construction, the more prominent forms now used being channels
connected by plates or lattice, plate and angles in various
forms, and Z-bar columns. For light loads and a building of
this height channel columns are the most common sections
employed. Channels placed back to back and connected by plates
will be used for the columns for this building.
The loads on the column are those of the roof, spandrels,
floor, column casing, weight of columns above, and elevator
and tank loads. The live load on the column is taken as about
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fifty per cent of the load on the floor as will be seen in
Table I.
Probably the best way to describe the method of designing a
column is to take one and carry out the computation. Column
No. 2 will be taken as an example since it is a typical one.
The columns will be taken as extending through two stories, since
this eliminates the connection at every other floor and tends to
make the column more rigid. The size of the column should be so
proportioned that the least radius of gyration is greater than the
length in inches divided by one hundred and twenty five.
The Carnegie Steel Company's handbook, pages 137 to 142,
gives the safe loads in tons of 2J300 pounds for these channel
columns with square ends # A factor of safety of four is used,
and the allowable unit stress is figured from the formula
S = 17,000 - 57 x l/r for lengths over 90 radii and less than
125 radii.
The columns are spliced at the second and fourth floors.
These splices will be placed about one foot above the floor line.
This will make the length of column No 2 as follows: the first and
basement story section 32 feet, the second and third story
section 22 feet and the fourth and fifth story section 25 feet.
The loads in the fourth and fifth story column No. 2 are:
roof load of 22,200 pounds, weight of attic floor spandrel =
12,200 pounds, attic floor load 114 x 100 = 11,400 pounds, fifth
floor spandrel 22,800 pounds and weight of column estimated to
to be 400 pounds, making a total weight of 85,400 pounds or
42.7 tons.
The length of this column is twenty five feet and therefore
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th e least radius of gyration cannot "be less than 25 x 12 / 125 =
2.4 . On page 138 of the Carnegie handbook it will he seen that
two 7-inch 9.75-pound channels connected by two l/4 inch plates
have a least radius of gyration of 2.67 and will carry safely a
load of 55.9 tons for a length of 26 feet. As this is the
lightest section that will carry the load safely it will he ueed.
The second and third story sections of this same column is
designed in a similar manner. The spandrel loads, floor loads,
weight of columns and the load of the column alone are used in
designing this part of the column. There are: load from column
alone = 85,400 pounds, third and fourth floor loads = 27,400
pounds and weight of third and fourth floor spandrels = 43,300
pounds, making a total weight of 157,100 pounds or 78.55 tons.
The length is twenty-two feet and the least radius of gyra-
tion is 22 x 12 / 125 = 2.12. Two 8-inch 11.25-pound channels
connected by two 3/8 inch plates have a least radius of gyration
of 3.01 and carries safely a load of 85.2 tons. This section
will be used.
The bottom length of the column is designed in this same
manner. The total load on it is 227,500 pounds or 113.75 tons.
Two 10-inch 15-pound channels connected by two l/2 inch plates
will carry the load safely and will therefore be used.
The remaining columns are designed in a similar manner.
The loads and sections used are found on the column sheets.
Art. 13. DESIGN OF FOOTINGS.
The total dead load of the roof, floors, spandrels and
columns is carried to the footing. No live load is considered
in the design as is seen in Table I.
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Th e total load on the footing for column No. 2 is taken
from the column sheet and is 19,820 pounds or 99.1 tons. The
allowable hearing on concrete is from 5 to 15 tons per square
foot, so an average of 10 tons will he used. The hearing area on
the concrete for this column is 99.1/10 = 9.91 square feet.
This makes the hase 3 feet 2 inches square. A plate one inch
thick and 3 feet 2 inches square will he used for the base*
Under the column at the west end of the building it is
necessary to put cantilever beam footings in order to keep the
footings of columns 6, 7, 18 and 19 inside the building line*
The footing under columns 7 and 8 will be figured as an example
Pig. 8 shows this footing.
The load of column No. 8 is 67.6 tons and of column No. 7
is 111.35 tons. By taking moments about R the reaction R-, is
67.6 x 13.5 - 111.35 x 30 / 13.5 = 42.3 tons. R is found by tak
ing moments about and is 111.35 x 16.5 /13.5 = 136.0 tons.
The maximum bending moment in the beam occurs at R^ and is
( 67.6 x 13.5 - 42.3 x 13.5 ) x 12 x 2000 = 8,000,000 inch-pounds
The section modulus is 8,000,000 / 16,000 = 500. Since this is
larger than the section modulus for the largest standard I-beam,
more than one must be used. Three 24-inch 80-pound I-beams have
a section modulus of 532 and will therefore be used.
The sidewalk beams will be figured in a similar manner to
the floor beams. Ths formulas S = 3dwlV^f ° f page 11 will be
used. The section modulus S is 3 x 5.5 x 324 x 385 / 32,000
= 64.4. A 15-inch 60-pound I-beam has a section modulus of
81.2, and will be used. The sidewalk beams are all 15-inch
60-pound I-beams.
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Art. 14. DESIGN OF SPANDRELS.
The spandrels will be designed by the safe uniform load
method. The attic floor spandrel will noiv he designed. The
weight of the material of the spandrel is uniformly distributed
and is 12,200 pounds. The uniform load of the floor is 9,600
pounds making a total of 21,800 pounds or 10.9 tons. Prom
Carnegie it is seen that two 12-inch 20.5-pound channels will
carry this load*
The remaining spandrels are designed in a similar manner,
and are found in Pigs. 9, 10, 12, 14, 15 and 16.
Art. 15. C0NLUSI0N.
In conclusion it may be said that the method used in the
design of the steel work of this building is only one of several.
The live loads on the floors is taken as a fair average of those
specified by several of the large cities. In designing the steel
work for an office building for a certain locality the loads
specified for that place must be used. The specifications used
in this design are those compiled by The American Society of
Civil Engineers.
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